Regulation of cilia assembly, disassembly, and length by protein phosphorylation.
The exact mechanism by which cells are able to assemble, regulate, and disassemble cilia or flagella is not yet completely understood. Recent studies in several model systems, including Chlamydomonas, Tetrahymena, Leishmania, Caenorhabditis elegans, and mammals, provide increasing biochemical and genetic evidence that phosphorylation of multiple protein kinases plays a key role in cilia assembly, disassembly, and length regulation. Members of several protein kinase families--including aurora kinases, never in mitosis A (NIMA)-related protein kinases, mitogen-activated protein (MAP) kinases, and a novel cyclin-dependent protein kinase--are involved in the ciliary regulation process. Among the newly identified protein kinase substrates are Chlamydomonas kinesin-13 (CrKinesin13), a microtubule depolymerizer, and histone deacetylase 6 (HDAC6), a microtubule deacetylase. Chlamydomonas aurora/Ipl1p-like protein kinase (CALK) and CrKinesin13 are two proteins that undergo phosphorylation changes correlated with flagellar assembly or disassembly. CALK becomes phosphorylated when flagella are lost, whereas CrKinesin13 is phosphorylated when new flagella are assembled. Conversely, suppressing CrKinesin13 expression results in cells with shorter flagella.